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Abstract The objective ofthis studywas to investigatethe diagnostic yieldof a programmewithintensifiedmicrobio-
logical investigations in immunocompetent adult patients with lower respiratory tract infections (LRTI). Patients in the
study group were included prospectively and consecutively from September1st 1997 to May 31st 1998 and were com-
paredwith a controlgroup fromthepreceding year.Atotalof 67 adultpatientswereincludedinthe studygroup andthey
were compared with 122 adult patients in the control group. The study group underwent fibre-optic bronchoscopy
(FOB) with bronchoalveolar lavage (BAL). Only 7% in the historic control group were discharged with an aetiological
diagnosis of their infections, while the diagnostic yield in the studygroup increased to 51% of patients. In the studygroup
the presence of new infiltrates on chest X-ray increased the detection of a microbiological aetiology from 37% with no
infiltrates to 62% with infiltrates and recent antibiotic therapyreduced the detection of a microbiological cause of infec-
tion from 61% in 36 patientswho hadnotreceived antibiotic therapy to 39% in 31patientswho hadreceivedrecent anti-
biotic therapy prior to microbiological sampling. Patients in the study group with known aetiology had higher values of
inflammatorymarkers than patients with unknown aetiology. For Streptococcus pneumoniae infection culture and urine
antigen detectionwere complimentary depending on recent antibiotic therapy since seven of eight culture-positive pa-
tients hadnotreceived antibiotic therapywithin 72 hprior to investigation, while all four patients positive for urine anti-
gens from S. pneumoniae had received antibiotic therapy within 72 h of urine sampling. In conclusion intensified
microbiologic investigations increase the diagnostic yield from 7% to 51% of patients inthe studygroupwith anaetiologic
diagnosis.Routine FOBwith BALhadno apparenteffecton clinical outcome and seems onlyjustified in selectedpatients
with severe LRTI with infiltrates on chest X-ray and signs of severe inflammation where a high diagnostic yield is
achieved.r2002 Elsevier Science Ltd
doi:10.1053/rmed.2001.1262, available online at http://www.idealibrary.comon
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Streptococcus pneumoniae.INTRODUCTION
One in twenty (1) unselected adultpatients admitted to a
medical department in Denmark is discharged with a
main diagnosis of lower respiratory tract infection
(LRTI), and the hospital care of patients with LRTI thus
continues to be a signi¢cant clinical challenge.Received 21September 2001and accepted in revised form 20
November 2001
Correspondence should be addressed to: Jens Korsgaard,M.D.,DMSc.,
Department of Internal Medicine, Silkeborg County Hospital, 8600
Silkeborg,Denmark.Fax: + 45 86 80 24 40;
e-mail: j.korsgaard@dadlnet.dkClinical observations on patient admission are clearly
unreliable (2) as indicators of speci¢c microbiologic ae-
tiologies in LRTI and with the prevalence of antimicro-
bial-resistant human pathogens rapidly increasing as a
consequence of the widespread use of antimicrobial
drugs for prophylactic or therapeutic purposes (3), the
need for a rapid and reliable aetiological microbiological
diagnosis becomes increasingly more important in daily
clinical routine. A rapid aetiological diagnosis in LRTI is
expected to imply a reduction in the use of broad-spec-
trum antibiotics for empirical therapy just as a rapid ae-
tiological diagnosis of infection with resistant or highly
virulent organisms could reduce patient morbidity and
mortality.
INTENSIFIEDMICROBIOLOGICALINVESTIGATION 345The ¢rst experiences (4) with culture of aspirates ob-
tained by ¢bre-optic bronchoscopy (FOB) in adult pa-
tients with LRTI were disappointing.Themajor bacterial
isolates were normal inhabitants of the oropharynx and
so did not reliably re£ect the bacteriology of the lower
respiratory tract (4). Later on the techniquewas re¢ned
(5) with the use of a polyethylene catheter in the work-
ing channel of the bronchoscope and with the introduc-
tion of quantitative or semi-quantitative culture of
bronchoalveolar lavage (BAL) £uid to distinguish be-
tween organisms cultured as a result of only colonization
or contamination and organisms representing true
infections.
Previous studies on intensi¢edmicrobiological investi-
gations in immunocompetent adult patients havemostly
included selected patients with for example therapy fail-
ure (6) or severe community-acquiredpneumonia (CAP)
admitted to the intensive care unit (7) and the dignostic
yield of BAL culture varied accordingly between 27 and
53%. As such the results obtained seem to dependon the
patients selected.
In the present study we planned to estimate the in-
crease in diagnostic yield in adult patients with LRTI of a
systematic intensi¢edprogramofmicrobiological investi-
gationswhich included FOBwith BAL-culture, in a series
of unselected consecutive patients admitted to hospital
with LRTI.The patients were included consecutively and
results were compared with a historic control group of
patients previously admitted to the same department of
internalmedicine.
MATERIALSANDMETHODS
SilkeborgCountyHospital serves amixedurban andrur-
al population of 95 000 people in the town of Silkeborg
and its surroundings. All patients are received from the
population unselected, usually after referral from gener-
al practice, and the disease types and frequencies prob-
ably re£ects the spectrum of community acquired
pnumonia requiringhospitalization in theDanishpopula-
tion at large.
In theperiod from September1st1997 toMay 31st1998
all adult patients admitted on weekdays with a diagnosis
of LRTIwere o¡ered a set of intensi¢ed investigations in-
cluding subacute ¢berbronchoscopy with bronchial al-
veolar lavage (BAL), to improve the aetiological
microbiological diagnosis of their infection. The clinical
diagnosis of LRTI required that the patient had either fe-
ver (rectal temperature of 3761C or above at least once
within 48h of evaluation) and/or increased leukocyte
count (411109 l1) on admission as clinical signs of in-
£ammation together with increased focal symptoms
from the lower airways with at least one of three newly
developed symptoms of increased dyspnoea, increased
coughing, and/or increased sputum purulence (8). Allpatients were investigated within 24h of hospital admis-
sion and thuspatients admitted late on Fridays and Satur-
days were not eligible for inclusion.
Patients with knownmalignant diseasewere excluded
from the study group and all patients were required to
have an oxygen saturation of at least 85% with a maxi-
mum of 1 litre per min of nasal oxygen supply prior to
FOB. Patients who were unable to fully understand the
aim of the investigation were excluded from participa-
tion. Patients could only be included once in the investi-
gation.
All patients in this studygroupwere included consecu-
tively and prospectively. A total of 73 patients were
asked to participate but six patients declined participa-
tion.
A historic control group of122 patients included adult
patients discharged from the same department of inter-
nal medicine with a main diagnosis of LRTI (either pneu-
monia or acutebronchitis) in theperiod from September
1st 1996 until May 31st 1997. Patients with known malig-
nant diseasewere excluded.The control groupwas eval-
uated retrospectively from existing patient ¢les.
The study group was investigated with sputum and
blood culture for bacteria, FOB with BAL, serological
tests and urine antigen detections. There were no re-
strictions on the administration of antibiotic treatment
prior to microbiological investigations.
Fibreoptic bronchoscopy was performed under local
anaesthesia and BAL was performed in the middle lobe
when no in¢ltrateswere identi¢ed on the chest X-ray or
in a lobe showing new in¢ltrate on the chest X-ray. La-
vage was performed with 1^2 aliquots of 60ml isotonic
NaCl at 371C until an aspirate of at least 5ml
was achieved. Lavage £uid was investigated with
culture for bacteria, polymerase chain reaction (PCR)
assays for in£uenza, adenovirus, respiratory syncytial
virus, Chlamydia spp., Legionella spp. and Mycoplasma
pneumoniae (9). BAL £uid was cultured for bacteria
on 5% blood agar and chocolate agar plates with semi-
quantitative determinations by the dispersion of 1 and
10ml £uid on each half of the agar plate. Consequently
the sensitivity of bacterial culture was 100 bacterial
CFUml1. All samples of BAL £uid were sent to and re-
ceived by the Department of Microbiology within a
maximum of 5h.
Bacteria isolated by culture of BAL £uid were classi-
¢ed as potential pathogenic microorganisms (PPM) if
Streptococcus pneumoniae, Staphyloccus aureus, Haemophi-
lus in£uenzae and other pathogenic Gram-negative rods
were cultured, while the ¢nding of non-haemolytic
streptococci and Neisseria spp. was considered a result
of contamination from the upper airways or non-patho-
genic colonization of the lower airways. Results on the
semi-quantitative ¢ndings in the study group compared
with similar ¢ndings in healthy controls are presented
elsewhere (10).
346 RESPIRATORYMEDICINESerological titres against chlamydia (two separate
tests on allpatients: Chlamydia complement ¢xation test
and microimmuno£uorescence test (11)), L. pneumophila
SG 1,3 and 6 (12) and M. pneumoniae (13) were taken at
admission and repeated on days 7 and 28 thereafter.
Urine antigen determinations were performed for L.
pneumonphila SG1antigen (14) and S. pneumoniae antigen
at admission. Pneumococcal urine antigens were de-
tectedby countercurrent-immunoelectrophoresis to de-
tect pneumococcal capsular polysaccharides (15).
The results of the di¡erent culture methods for bac-
teria, PCR analysis for atypical organisms and the results
of antigen determinations in urine were available within
48h of sampling with the exception of patients sampled
on fridays, where results were reported onMondays. As
such it was possible to make an aetiological diagnosis
within 48^72h of hospital admission.
Patients in the historic control group were investi-
gated according to existing clinical routine with sputum
culture and/or blood culture. The two tests had been
performed only sporadically, sputum culture in 15 and
blood culture in 71of the 122 patients discharged with a
diagnosis of LRTI.
The study was performed according to the Declara-
tion of Helsinki II and approved by the local ethical com-
mittee and all participating patients gave written
consent.
RESULTS
When demographic and basic clinical characteristics of
the 67 adult patients in the study group and122 patients
in the control group were compared (Table 1), the pa-
tients in the studygroupwere found to be slightlyyoung-
er (median age of 63 years) than the patients in the
control group (median age of 70 years). Otherwise the
two groups appeared comparable with a percentage of
females of 54% and 52% and a percentage of patientswith
new in¢ltrates on chest X-ray of 55% and 59% in the
study and control group, respectively. The median in-
hospital length of stay was 8 days in the study group and
6 days in the control group.
A microbiological aetiological diagnosis was only ob-
tained in nine (74%) of122 patients in the control group,
where blood culture from a total of 72 patients showedTABLE 1. Median and interquartile ranges (IQR) for basic demo
group and122 controlpatients
n Age (years) Female gend
Studygroup 67 63 (50^73) 36
Controlgroup 122 70 (54^79) 64
P 0.025* n.s.
*Mann^Whitney Utest.growth of S. pneumoniae in four patients and Klebsiella
spp. in one patient. Among 15 patients in the control
group investigatedwith sputum culture one had S. pneu-
moniae, two had H. in£uenzae and one had Pseudomonas
sp. isolated (Table 2). More patients in the study group
had sputum and blood culture performed. All patients
were investigated by blood culture (one sample lost to
investigation) and all the studypatientswere asked tode-
liver sputum samples, although only half (31/67) of them
actually succeeded in delivering the sample (Table 2).The
percentage of patients in the studygroup diagnosedwith
a speci¢c aetiological microbiological agent by either
blood or sputum sample was higher (10/67, 15%) than in
the control group (9/122, 74%), but this only re£ected
the higher frequency of tests in the study group. In the
control group, a total of 76 patients were investigated
with blood and/or sputum culture and of these 12% (9/
76) were culturedpositive.No patient in either the study
or the control group had positive cultures from both
sputum and blood. The diagnostic yields of sputum cul-
ture were almost identical in the study (4/15=27%) and
control (8/31=26%) groups, while 7% of blood culture
tests were positive in the control group compared to
3% in the study group.
The use of intensi¢edmicrobiological investigations in
the study group increased the percentage of patients
where a potential pathogenic microorganism (PPM) was
found. In 34 (51%) of 67 patients one PPM (31patients) or
two PPM’s (three patients) were found in one ormore of
the diagnostic tests (Table 3). When compared to the
control group the application of the present set of diag-
nostic tests implied a seven-fold increase (chi
squared=41.5, Po0001) in the percentage of patients
with a likelymicrobiological aetiological diagnosis (Fig.1).
When analysed according to group of aetiology, the per-
centage of S. pneumoniae aetiology was 56% in the con-
trol group compared to 30% of the PPM’s in the study
group. In contrast H. in£uenzae was cultured in 22%
(2/9) of known aetiologies in the control group but in
29% (10/34) in the study group.No patient in the control
groupwas diagnosed as having infectionwith S. aureus or
atypical infections while15% (5/34) and12% (4/34) in the
study groupwere diagnosedwith either S. aureus or aty-
pical infections, respectively.The four atypical infections
in the study groupwere three patients withM. pneumo-
niae infections and one patient with C. psittaci infection.graphic and clinical characteristics of 67 patients in the study
er In¢ltrate on chest X-ray Length of stay (days)
37 8 (5^10)
72 6 (3^12)
n.s. n.s.
TABLE 2. Theresults of blood and sputumculture in122 controlpatients and 67 patients inthe studygroupwith LRTI
n Numberoftests S. pneumoniae H. in£uenzae Klebsiella spp. Pseudomonas sp. Branhamella sp.
Controlgroup
Blood culture 122 72 4 0 1 0 0
Sputumculture 122 15 1 2 0 1 0
Total 122 76 5 2 1 1 0
Studygroup
Blood culture 67 66 2 0 0 0 0
Sputumculture 67 31 3 4 0 0 1
Total 67 67 5 4 0 0 1
TABLE 3. Distribution of PPM’s in 122 control patients and 67 patients in the study group with LRTI strati¢ed according to
aetiology.Three patients in the studygroupwas likely infectedwithtwo di¡erent PPM’s
Controlgroup (n= 122) Studygroup (n= 67)
Streptococcus pneumoniae 5 (4%) 11 (16%)
H)mophilus in£uenzae 2 (2%) 10 (15%)
Staphylococcus aureus 0 5 (7%)
Other Gram-negative spp. 2 (2%) 7 (10%)
Atypical infections* 0 4 (6%)
Unknown aetiology 113 (93%) 33 (49%)
*PCR analysis detected three cases ofMycoplasma pneumoniae infection and onewaspositive to Chlamydia psittaci.
FIG. 1. Rankedpositivemicrobiological ¢ndingsinthe studygroupof 67 adultpatientswith LRTI.Therankingwasdone fromlefttoright
from culture of BAL £uid to sputum culture. Streptococcus pneumoniae,&;Haemophilus in£uenzae,&; Staphylococcus aureus, ;
other Gram-negative, ; atypicalpathogens, .
INTENSIFIEDMICROBIOLOGICALINVESTIGATION 347Thus the spectrum of aetiology in the study group was
wider than in the control group.Therewas no signi¢cant
di¡erence between the aetiological spectrum in relation
to smoking habits and co-morbidity among the 34 pa-
tients with known aetiology in the study group.Positive microbiological ¢ndings in the study group
were ranked (Fig. 1) according to yield of the diagnostic
method (order of ranking higher to lower: BAL culture
and PCR, blood culture, urine antigen detection and spu-
tum culture) BAL culture and PCR alone diagnosed 30 of
348 RESPIRATORYMEDICINE37 PPM’s found. Blood culture, urine antigen detection,
and sputum culture contributed only with a further
two, three and two PPM’s, respectively. No patient in
the study group tested positive for in£uenza, adenovirus
or respiratory syncytial virus.
There was no correlation between BAL culture and
blood culture since the two patients in the study group
who were blood culture positive for S. pneumoniaewere
negative in BAL culture. In contrast, there was a good
correlation between BAL culture and sputum culture.
An appropriate sputum specimen was obtained from10
of the 24 patients with PPM’s isolated from the BAL,
where six of these10 patients had the same PPM isolated
from BAL and sputum.
The frequency of positive microbiological investiga-
tions was associated with the existence of in¢ltrates on
chest X-ray. Among the 30 patients full¢lling the
inclusion criteria of a clinical diagnosis of LRTI without
in¢ltrates on chest X-ray, only 37% were diagnosedwith
a known microbiological aetiology, while among the 37
patients with a clinical diagnosis of LRTI and the appear-
ance of a new in¢ltrate on chest X-ray 62% (Pearson chi-
squared=4.31, P=0038) were diagnosed with a speci¢c
microbiological aetiology.The spectrum of aetiology did
not di¡er between the11/30 positive patients with no in-
¢ltrate and the 23/37 positive patients with a new in¢l-
trate on chest X-ray.
To investigate the e¡ect of prior antibiotic therapy on
the frequency of positive bacterial culture frompatients,
the six patients positive by urine or PCR-anlysis alone
were excluded from analysis and the remaining 28 pa-
tients positive by bacterial culture were compared with
the 33 culture-negative patients.This analysis showed an
association between antibiotic therapy prior to micro-
biological investigations and percentage positive culture.
Among the 28 culture-positive patients only seven (25%)
had received antibiotic therapy within 24h of investiga-
tion, while among 33 culture-negative patients in the
study group, 19 (58%) had received antibiotic therapy
within 24h of analysis (Pearson chi squared=657,
P=0010).
The combined e¡ect of antibiotic therapy prior tomi-
crobiological investigations and the appearance of chestTABLE 4. Frequency of positive microbiological ¢ndings in 67 a
cording tothepresenceofnewin¢ltratesonchestX-rayandantib
Manthel-Henzel)
With prior antibiotic treatm
No in¢ltrate
chest X-ray
Newin
chest X
Numberculture +ve 3 9
Total (n) 11 20
Percentculture+ve 27% 45%X-ray showed (Table 4) an increasing frequency of
positive microbiological ¢ndings from 27% in patients
with no in¢ltrate onchestX-ray andwith antibiotic ther-
apy within 24h prior to microbiological investigations
and 45% and 42%, respectively, for patients with new in-
¢ltrate and prior antibiotic treatment and for patients
with no in¢ltrate and without prior antibiotic therapy.
The highest frequency of a positive microbiological ¢nd-
ing occurred with14 (82%) of 17 patients where no anti-
biotic had been given within 24h (13 of the 14 did not
receive antibiotics within 72h) of investigations and
who all presented with a new in¢ltrate on their chest
X-ray.
The e¡ect of prior antibiotic treatment on the detec-
tion of microbiological agents was clearly demonstrated
among the11patients with a likely infectionwith S. pneu-
moniae. Seven patients were culture-positive alone,
three were urine antigen positive alone and one patient
was positive in both tests. Of the culture-positive pa-
tients, seven (88%) of eight had not received any antibio-
tic therapy within 4 weeks prior to admission. Among
the four urine-antigen-positive patients, three had re-
ceived antibiotic therapy within 24hprior tomicrobiolo-
gical investigations and all four had received antibiotic
therapy within 72h (P=0024 for antibiotic therapy
within 24h (Fischer’s exact test)] (Table 5).
As to clinical outcome no apparent e¡ect could be de-
monstratedwhen thepatientswith knownmicrobiologi-
cal aetiology were compared with the patients with
unknown aetiology. The mean length of stay in hospital
for the two groups was 97 and 79 days (n.s.), respec-
tively. Furthermore there was no apparent di¡erence in
the mean number of days in hospital with fever (rectal
temperature43751C) which was 46 and 33 days (n.s.)
in the two groups, respectively. The two groups of pa-
tients with known and unknown aetiology were, how-
ever, di¡erent on several clinical charaterstics (Table 6),
with patients with known aetiology not only having a
higher frequency of in¢ltrates on chest X-ray but also
showing signs of more severe in£ammation with in-
creased blood leukocyte counts, erythrocyte sedimen-
tation rate and C-reactive protein on day 0 and 7 after
hospital admission.dult patients admitted to hospitalwith LRTI and strati¢ed ac-
iotic therapywithin 24 hofmicrobiologicalsampling (Po005,
ent Noprior antibiotic treatment
¢ltrate
-ray
No in¢ltrate
chest X-ray
Newin¢ltrate
chest X-ray
8 14
19 17
42% 82%
TABLE 5. Numberoftimeswithin 24 h, day 2^3 andday 4^7where anyantibioticwasgiventothe11patientsinthe studygroup
withalikelyinfectionwith Streptococcuspneumoniae isolatedbyculture (BAL, bloodand/or sputumculture) or antigendetection
inurine (PUT)
Patientnumber 1 2 3 4 5 6 7 8 9 10 11
Times antibiotics in 24 h 0 0 0 0 0 0 0 2 0 2 2
Times antibiotics in days 2^3 0 0 0 0 0 0 0 0 6 6 6
Times antibiotics in days 4^7 0 0 0 0 0 0 0 0 0 3 0
BAL culture S. pneumoniae + + + + +      
Blood culture S. pneumoniae      +  +   
Sputumculture S. pneumoniae    + +  +    
Antigen detectionurine (PUT)        + + + +
TABLE 6. Meanbloodleukocyte counts, c-reactiveproteinconcentration, erythrocyte sedimentationrate atday 0 and 7 after
hospital admission for LRTIin 67 adult patients inthe studygroupwithknownor unknownmicrobiological aetiology
Aetiology Blood leukocyte
count
( 109 l1) Day 0
C-reactive
protein
(mg 3)wDay 0
Erythrocyte
sedimentationrate
Day 0
Blood leukocyte
count
( 109 l 1) Day 7
C-reactive
protein
(mg1 1)wDay 7
Erythrocyte
sedimentationratez
Day 7
Known 16.2 161 61 109 669 53
Unknown 13.1 113 37 94 189 32
P-value* 0.270 009 0002 006 0001 0.002
*Mann^Whitney Utest.
wReference interval for C-reactive proeino50mg/l.
zReference interval for Erythrocyte sedimentationrateo12.
INTENSIFIEDMICROBIOLOGICALINVESTIGATION 349Two patients (3%) died from their respiratory infec-
tion during the 4-week observation period. Both were
culturedwith S. aureus fromBAL£uid andbothwererisk
patients with a history of alcoholism or old age (77
years).
A total of three patients (Table 3) were classi¢ed as
having M. pneumoniae infection where all had a positive
PCR-analysis for both throat swab and BAL £uid.On ser-
ological testing, one patient remained negative (changed
in titre fromo16 at day 0 to 32 at day 28) and the other
two patients demonstrated signi¢cant increases in titres.
The remaining 64 patients had no signi¢cant serological
signs of infectionwithM. pneumoniae.
One patient was classi¢ed with C. psittaci infection
with a positive PCR analysis on BAL £uid. This patient
seroconverted in the chlamydia complement ¢xation
test between day 0 and day 28. Among the remaining 66
patients, two changed more than three steps in titre
from day 0 to day 28 and one patient had a single high C.
pneumoniae IgG titre of 512 at day 28.
All 67 participating patients were negative on PCR
analysis for Legionella spp. and correspondingly all were
without serological signs of recent infection with Legio-
nella spp.DISCUSSION
Comparedwith thehistorical controlgroup, a seven-fold
increase in the number of patients with an aetiologic di-
agnosis of LRTIwas observed in the study group.The use
of a historical control group did not allow for stringent
exclusion criteria, thus the 122 patients in the control
group were slightly older than the 67 patients in the
study group. The two groups were, however, identical
with respect to gender, chest X-ray in¢ltrates and the
resulting length of stay in hospital. The two groups re-
present themajority of patients eligible for participation
in the study with all includedin thehistoric controlgroup
and a drop out rate of 9% in the study group.
The number of patients who had an aetiological diag-
nosis in the control group was a disappointingly low 7%
at discharge.This comparedwellwith the15% of patients
with known aetiology in the study group when sputum
and blood culture were used alone. The low yield com-
pares well with previous low diagnostic sensitivities of
14% for blood culture (16) and disappointing experiences
with no value of sputum culture (17).
The number of patients with an aetiological diagnosis
in the study group is di⁄cult to compare with previous
350 RESPIRATORYMEDICINEinvestigations as the patients included in most studies
represent selected adult patients. When compared to
series of immunocompetent patients investigated be-
cause of treatment failure, the present diagnostic yield
of 51% is superior to a yield of 19% (18) and 27% (6) in
treatment failures.On the other hand, it compares well
with the yield of 47% (19) in immunocompetent patients
with fresh pneumonia. In a previous Danish study (20) of
adult patients with pneumonia investigated with trans-
tracheal aspiration an aetiological diagnosis was made in
only 93/254 (34%) probably because transtracheal
aspiration was only performed in a minority (119/254) of
patients.
It was noticeable, and characterstic for many studies
without bronchoscopy (21), that half of the patients in
the study group remained without an aetiological diag-
nosis despite increased diagnostic workup. In this re-
spect, twice as many patients among the culture-
negative compared to the group of culture-positive pa-
tients in the study group had received antibiotic treat-
ment within 24 to 72h prior to obtaining specimens for
microbiological culture.This is in accordance with many
previous ¢ndings (9,16, 22^24) of signi¢cantreductions in
diagnostic sensitivity when patients had received recent
antibiotic treatment prior to sampling, perhaps espe-
cially within 48 to 72h (25).
In thepresent study the appearance of a new in¢ltrate
on chest X-ray increased the frequency of a positive mi-
crobiological diagnosis two-fold both in patients treated
with antibiotics and in patients not treatedwith antibio-
tics prior to obtaining samples formicrobiological inves-
tigations. The e¡ect of chest X-ray in¢ltrate could
present di¡erences in disease severity, where patients
with chest X-ray in¢ltrates aremore diseasedwith a lar-
germicrobiological load.
The individual e¡ect on diagnostic sensitivity for both
patients with no prior antibiotic therapy and those
showing the presence of a new in¢ltrate on chest X-ray
is of same magnitude and corresponds to a two-fold in-
crease in the diagnostic yield.The combined e¡ect of the
two seems additive with an almost four-fold increase
from 27% to 82% in diagnostic yield in patients where
both factors are diagnostically favourable as compared
to patients where both factors are diagnostically unfa-
vourable.
As to the distribution of pathogens identi¢ed in pre-
vious studies, increased proportions of Gram-negative
infections have been found (26,27) after invasive sam-
pling from patients. In the present study this could not
be con¢rmed with a proportion of 46% and 44% (Table
3) of Gram-negative infections in the study and control
group, respectively. Larger surveys performed over sev-
eral years (28) have found only 7% of patientswith S. aur-
eus infection in contrast to the present proportion of
15% (5/34) of patients in the study group with positive
microbiological ¢ndings. It may re£ect the limited num-ber of patients included in thepresent studyor be a char-
acteristic ¢nding in patients with chronic obstructive
lung disease, as a recent study (29) found13%with S. aur-
eus in112 sputum culture-positive patients with acute in-
fective exacerbations of chronic obstructive lung
disease.
Prior studies (30) on the value of pneumococcal anti-
gen detection in urine have documented it as a speci¢c
but less than ideally sensitive test in the diagnosis of in-
fection with S. pneumoniae. In the present study, culture
and urine antigen detection were clearly additive. Seven
of eight patients culture-positive for S. pneumoniae did
not receive any antibiotic treatment within 4 weeks
prior to sampling.On the contrary, the detection of ur-
inepneumococcal antigenwas dependentonrecent anti-
biotic therapy for bacterial killing since all four patients
positive for pneumococcal antigenhadbeen treatedwith
antibiotics within 72h (Table 5). In contrast, all seven pa-
tients culture-positive for S. pneumoniae and who had
not receive recent antibiotic treatment tested negative
for urine pneumococcal antigen.
In the limited material of 67 adult patients in the
present study group, no apparent clinical advantage
of our increased diagnostic e¡orts could be demon-
strated as length of stay and number of days with fever
were unchanged irrespective of known microbiological
aetiology. Patients with known aetiology had a higher
frequency of in¢ltrates on chest X-ray just as clinical
markers of in£ammation at day 0 and 7 after admission
were higher in patients with known aetiology. As such
the two groups with known or unknown aetiology are
not comparable at admission and no clear-cut conclu-
sions on the clinical implications of the present
programme of improved diagnostic methods in LRTI can
be drawn.
With the present programme of intensivemicrobiolo-
gical diagnosis in community-acquired pneumonia we
could collect material for microbiological investigations
within 24h and obtain a likely aetiological diagnosiswith-
in 48^72h of hospital admission. The results, however,
do not support the routineuse of intensivemicrobiologi-
cal diagnosticmethods as therewasno apparente¡ectof
known aetiology on clinical outcome, just as a higher
diagnostic yield requires patients to be o¡ antibiotics
prior to microbiological sampling, which is potentially
harmful. Lastly, the diagnostic sensitivity increased
with more severe disease. Patients with mild disease
have a low diagnotic yield with intensive microbiological
diagnostic procedures in LRTI and future studies should
focus on patients admitted with severe disease with
ominous clinical risk factors (31) for a prolonged
morbidity or high mortality risk. If possible, microbiolo-
gical sampling for culture shouldprecede antibiotic treat-
ment, while tests for detection of antigens, at least
for S. pneumoniae, increase in sensitivity after antibiotic
therapy.
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